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(54) TRANSMISSION POWER CONTROL CIRCUIT 



(57) In a transmission power control circuit accord- 
ing to the present invention, a variable gain amplifier (1 ) 
amplifies a transmitting wave with a gain corresponding 
to a control voltage V c from a power control section 
(110). When a transmission power (P 0 ut) of the trans- 
mitting wave is within a measurable range of a detecting 
circuit (3), the power control section (1 1 0) sets a control 
voltage feedback ratio (K*) to 0 and applies negative 
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feedback to a detection voltage ( Vq^) and thereby im- 
plements close loop control to cause transmission pow- 
er ( p out) t0 be closerto a designated level. On the other 
hand, when the transmission power (Pout) is out of a 
measurable range of the detecting circuit (3), the power 
control section (110) sets a detection voltage feedback 
ratio (K) to 0 to generate the control voltage ( V c ) accord- 
ing to open loop control based on a reference voltage 
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Description 

Technical field 

[0001] The present invention relates to a transmission 
power control circuit, and more particularly, to a trans- 
mission power control circuit controlling a transmission 
power of a transmitting wave using a detector. 

Background Art 

[0002] Generally, in a prior art wireless terminal appa- 
ratus such as a portable telephone, a feedback control 
using a detector was performed to control a transmis- 
sion power of a transmitting wave output. 
[0003] Referring to Fig. 24, a transmission power con- 
trol circuit 1 0 according to a prior art technique included: 
a variable gain amplifier 1 ; a distributor 2; a detecting 
circuit 3; a reference voltage generating circuit 4; and a 
power control section 5. 

[0004] Variable gain amplifier 1 amplifies a transmis- 
sion signal with a gain according to a given control volt- 
age V c to generate a transmitting wave output. Distrib- 
utor 2 takes out part of a transmission power Pqut °* a 
transmitting wave output. Detecting circuit 3 detects part 
of the transmission power obtained by distributor 2 and 
generates a detection voltage V DET according to trans- 
mission power Pqut- Tnat ,s » detection voltage V DET 
changes according to transmission power P 0 ut- 
[0005] Reference voltage generating circuit 4 gener- 
ates a reference voltage V REF corresponding to a des- 
ignated level of transmission power Pqut- Power control 
section 5 generates control voitage V c according to a 
negative-fed back voltage K^Vd^j- obtained by multi- 
plying detection voltage V DEF from detecting circuit 3 by 
a detection voltage feed-back ratio K 0 , and to V REF from 
reference voltage generating circuit 4, based on the fol- 
lowing equation (1). 

V C =V REF -K 0 .V DET (1) 



which works so as to raise transmission power Pout to 
be large. By performing such a close loop control, con- 
trol can be executed so that an error between transmis- 
sion power P OUT of a transmitting wave output and a 

s designated level is reduced to the least possible value. 
[0008] Referring to Fig. 25, reference voltage gener- 
ating circuit 4 includes a transmission power designat- 
ing section 7; a control section 8; and D/A converter 9. 
Transmission power designated value Pqmd indicating 

io a designated level of a transmission power is converted 
to reference voltage V REF by control section 8 and D/A 
converter 9. That is, reference voltage V REF is set in cor- 
respondence to transmission power designated value 

p cmd- 

15 [0009] Power control section 5 includes: an operation- 
al amplifier 10; and resistance elements 11 and 12. De- 
tection voltage V DET from detecting circuit 3 is transmit- 
ted to a node NO corresponding to the inverted input ter- 
minal (- terminal) of operational amplifier 1 0 through re- 

20 sistance element 12. Reference voltage V REF from D/A 
converter 9 is inputted to the non-inverting inputterminal 
(+ terminal) of operational amplifier 10. Resistance ele- 
ment 11 is coupled between the inverted input terminal 
and the output terminal of operational amplifier 10. 

25 Therefore, detection voltage feed-back ratio Kq shown 
in Fig. 28 is determined according to a ratio between 
resistance elements 11 and 12. 

[0010] In such a way, in an architecture of transmis- 
sion power control circuit 1 0 according to a prior art tech- 
no nique, it was a precondition that detecting circuit 3 can 
output a detection voltage corresponding to a transmis- 
sion power all over a dynamic range of transmission 
power Pout- However, in a case where a dynamic range 
of transmission power is set wide, generally, it is rather 
35 difficult to broaden a measurable range of detecting cir- 
cuit 3 than to broaden a dynamic range of a gain of var- 
iable gain amplifier 1 . With a wider measurable range of 
detecting circuit 3, a detecting circuit tends to become 
complex and up-scaled, resulting in a high cost. 

40 

Disclosure of the Invention 



[0006] By detecting part of transmission power Pqut 
of a transmitting wave output using distributor 2 and de- 
tecting circuit 3 in such a way to further apply negative- 
feedback, there can be performed close loop control to 
cause transmission power Pqut and a designated value 
P CMD of transmission power to coincide with each other. 
[0007] To be concrete, in a case where transmission 
power P OUT is higher than a designated level, detection 
voltage V DET becomes higher to, in response to this, 
lower control voltage V c outputted from power control 
section 5. As a result, a gain of variable gain amplifier 1 
is set small, which works so as to reduce transmission 
power Pqut- To tne contrary, in a case where transmis- 
sion power P OUT is set to a value lower than a designat- 
ed value, in response control voltage V c is set high, 



[0011] It is an object of the present invention is to pro- 
vide a transmission power control circuit capable of en- 
45 suring a wide dynamic range of transmission power us- 
ing a general inexpensive detecting circuit having a sim- 
ple architecture. 

[0012] According to the present invention, a transmis- 
sion power control circuit includes: a variable gain am- 

50 plifier for amplifying a transmission signal with a gain 
according to a control voltage to output a transmitting 
wave; a distributing section for taking out part of the 
transmitting wave; a detecting section for detecting an 
output of said distributing section to generate a detec- 

55 tion voltage corresponding to a transmission power of 
the transmitting wave; and a control section receiving 
an electrical signal indicating a designated level of the 
transmission power and the detection voltage to set the 
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control voltage. The control section performs a change- 
over between a first control state setting the control volt- 
age by close loop control according to the detection volt- 
age negative-fed back, multiplied by a feedback ratio 
and a reference voltage corresponding to the designat- 
ed level, and a second control state setting the control 
voltage by open loop control according to the designat- 
ed level, according to a relationship between a measur- 
able power range of the detecting section and the trans- 
mission power. 

[0013] The control section preferably performs the 
changeover between the first and second control states 
according to the detection voltage. 
[0014] Furthermore, the control section preferably 
performs the changeover between the first and second 
control states according to a designated level of the 
transmission power. 

[0015] Moreover, the control section preferably in- 
cludes: a first signal converting section converting a de- 
tection voltage to a first digital signal; a control comput- 
ing section receiving a second digital signal indicating a 
designated level of a transmission power and the first 
signal to perform a digital computing for setting a control 
voltage based on one of the first and second control 
state, which is selected according to comparison be- 
tween the first and second digital signals; and a second 
signal converting section converting an output of the 
control computing section to an analog signal to gener- 
ate the control voltage. 

[0016] In such a transmission power control circuit, re- 
lationships between a designated level of a transmis- 
sion power and a reference voltage are not set sepa- 
rately inside and outside a measurable range of the de- 
tecting circuit but a dynamic range of a transmission 
power can be widely ensured using a detecting section 
with a general architecture. 

[0017] Furthermore, the control section preferably in- 
cludes: a feedback ratio adjusting section for gradually 
reducing a feedback ratio from a prescribed level as a 
transmission power comes closer to a non-measurable 
power range in a prescribed boundary range between a 
measurable power range and no n -measurable power 
range of a detection section in the first control state. 
[0018] As a result, a sudden change can be prevented 
in a transmission power in a prescribed boundary range 
corresponding to a changeover region between the first 
control state and second control state. 
[0019] The feedback ratio adjusting section more 
preferably changes a feedback ratio according to a de- 
tection voltage. 

[0020] The feedback ratio adjusting section more 
preferably changes a feedback ratio according to a des- 
ignated level of a transmission power. 
[0021 ] The control section more preferably further in- 
cludes: a first signal converting section converting a de- 
tection voltage to a first digital signal; and a second sig- 
nal converting section converting an output of the feed- 
back ratio adjusting section to an analog signal to gen- 



erate a control voltage. The feedback ratio adjusting 
section receives a second digital signal indicating a des- 
ignated level of a transmission power and a first digital 
signal to perform a digital computing for setting a control 
s voltage based on a feedback ratio set according to the 
second digital signal. 

[0022] According to the present invention, the trans- 
mission power control circuit includes: a variable gain 
amplifier amplifying a transmission signal with a gain ac- 

10 cording to a control voltage to output a transmitting 
wave; a plurality of distributing sections for taking out 
part of the transmitting wave; and a plurality of detecting 
sections, provided corresponding to each of the plurality 
of distributing sections, respectively, and having differ- 
ent measurable power ranges. The plurality of detecting 
sections detect outputs of the corresponding distributing 
sections to generate a plurality of detection voltages ac- 
cording to a transmission power of the transmitting 
wave. The transmission power control circuit further in- 

20 eludes: a control section receiving an electrical signal 
indicating a designated level of a transmission power 
and a plurality of detection voltages to set a control volt- 
age. The control section includes: a feedback ratio con- 
trol section setting a plurality of feedback ratios corre- 

25 sponding to the plurality of detection voltages, respec- 
tively, according to a relationship between the measur- 
able power ranges of the plurality of detecting sections 
and a transmission power. The control section sets a; 
control voltage according to close loop control based on 

30 a plurality of detection voltages negative-fed back mul- 
tiplying each of the plurality of feedback ratios and a ref- 
erence voltage corresponding to a designated level of 
a transmission power. 

[0023] The measurable power ranges of at least part 

35 of the plurality of detecting sections preferably share an 
overlapped range between any two and the feedback 
ratio control section, when the transmission power of a 
transmitting wave corresponds to an overlapped range, 
sets the feedback ratios so that the detecting voltages 

40 from the detecting circuits sharing the overlapped range 
are synthesized and negative-fed back. 
[0024] The feedback ratio control section, when the 
transmission power of a transmitting wave corresponds 
to an overlapped region, sets a plurality of feedback ra- 

45 tios so that a synthesis ratio between the plurality of de- 
tecting voltages to be synthesized gradually change ac- 
cording to the transmission power. 
[0025] Such a transmission power control circuit can 
implement dose loop control with a detective voltage in 

50 orderto ensure a dynamic range of a transmission pow- 
er to be wide without increasing a measurable range of 
each of the plurality of detecting sections, that is by us- 
ing a plurality of common inexpensive detecting sec- 
tions. Furthermore, a discontinuous change in transmis- 

55 sion power can be prevented in changeover between 
mainly used detecting circuits according to a relation- 
ship between a measurable range of each of the detect- 
ing circuits and a detection voltage. 
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[0026] The feedback ratio adjusting section prefera- 
bly sets a plurality of feedback ratios according to a plu- 
rality of detection voltages. 

[0027] Furthermore, the feedback ratio adjusting sec- 
tion preferably sets a plurality of feedback ratios accord- s 
ing to a designated level of a transmission power. 
[0028] The control section preferably further includes: 
a first signal converting section for converting a plurality 
of detection voltages to a plurality of first digital signals; 
and a second signal converting section converting an 
output of the feedback ratio adjusting section to an an- 
alog signal to generate a control voltage. The feedback 
ratio adjusting section receives a second digital signal 
indicating a designated level of a transmission power 
and a plurality of first digital signals to perform a digital 
computing for setting a control voltage based on a plu- 
rality of feedback ratios set according to a plurality of 
second digital signals. 

[0029] The control section, when a transmission pow- 
er does not belon g to any of the measu rable power rang- 
es of a plurality of detecting sections, preferably tempo- 
rarily ceases dose loop control and sets a control volt- 
age based on open loop control corresponding to a des- 
ignated level of a transmission power. 
[0030] Such a transmission control circuit can further 
control a transmission power based on open loop con- 
trol of the transmission power at a designated level of 
transmission power in a range in which the transmission 
power does not correspond to any of measurable rang- 
es of a plurality of detecting sections. Therefore, a trans- 
mission power can be stably controlled without setting 
relationships between a designated level of a transmis- 
sion power and a reference voltage separately inside 
and outside a measurable range of a detecting circuit. 
[0031] When an actual transmission power P 0 ut be- 
longs to one of measurable ranges of detecting circuits, 
similar to the transmission power control circuit accord- 
ing to the third embodiment, such a transmission power 
control circuit can implement close loop control with a 
detective voltage in order to ensure a dynamic range of 
a transmission power to be wide without increasing a 
measurable range of each of the plurality of detecting 
sections, that is by using a plurality of common inexpen- 
sive detecting sections. Furthermore, a discontinuous 
change in transmission power can be prevented in 
changeover between mainly used detecting circuits ac- 
cording to a relationship between a measurable range 
of each of the detecting circuits and a detection voftage. 
[0032] The control section more preferably performs 
a changeover between close loop control and open loop 
control and setting of a plurality of feedback ratios in 
close loop control according to a plurality of detection 
voltages. 

[0033] The control section more preferably performs 
a changeover between close loop control and open loop 
control and setting of a plurality of feedback ratios in 
close loop control according to a designated level of a 
transmission power. 
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[0034] The control section more preferably further in- 
cludes: a first signal converting section converting a plu- 
rality of detection voltages to each of the plurality of first 
digital signals; and a second signal converting section 
converting an output of the feedback ratio adjusting sec- 
tion to an analog signal to generate a control voltage. 
The feedback ratio adjusting section receives a second 
digital signal indicating a designated level of a transmis- 
sion power and a plurality of first digital signals to per- 
form a digital computing for setting a control voltage us- 
ing a plurality of feedback ratios set according to a plu- 
rality of second digital signals, based on one of open 
loop control and close loop control, which is selected 
according to comparison between first and second dig- 
ital signals. 

Brief Description of the Drawings 
[0035] 

Fig. 1 is a conceptual diagram showing a basic idea 
of a transmission power control circuit according to 
the present invention; 

Fig. 2 is a block diagram showing an architecture of 

a transmission power control circuit according to a 

first embodiment of the present invention; 

Fig. 3 is a conceptual graph for describing setting 

of a detection voltage feedback ratio by a power 

control section shown in Fig. 2; 

Fig. 4 is a conceptual graph showing a transmission 

power control characteristic according to the first 

embodiment; 

Fig. 5 is a block diagram showing an architecture of 
a transmission power control circuit according a first 
modification of the first embodiment of the present 
invention; 

Fig. 6 is a conceptual graph for describing setting 
of a detection voltage feedback ratio by a power 
control section shown in Fig. 5; 
Fig. 7 is a block diagram showing an architecture of 
a transmission power control circuit according a 
second modification of the first embodiment of the 
present invention; 

Fig. 8 is a block diagram showing an architecture of 
a transmission power control circuit according to a 
second embodiment of the present invention; 
Fig. 9 is a conceptual graph for describing setting 
of a detection voltage feedback ratio by a power 
control section shown in Fig. 8; 
Fig. 10 is a conceptual graph showing a transmis- 
sion power control characteristic according to the 
second embodiment; 

Fig. 11 is a block diagram showing an architecture 
of a transmission power control circuit according to 
a first modification of the second embodiment; 
Fig. 12 is a conceptual graph for describing setting 
of a detection voltage feedback ratio by a power 
control section shown in Fig. 11 ; 
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Fig. 13 is a block diagram showing an architecture 
of a transmission power control circuit according a 
second modification of the second embodiment of 
the present invention; 

Fig. 14 is a block diagram showing an architecture 
of a transmission power control circuit according to 
a third embodiment of the present invention; 
Figs. 1 5A to 1 5C are conceptual graphs for describ- 
ing setting of a detection voltage feedback ratio by 
a power control section shown in Fig. 14; 
Fig. 1 6 is a block diagram showing an architecture 
of a transmission power control circuit according a 
first modification of the third embodiment; 
Figs. 1 7A to 1 70 are conceptual graphs for describ- 
ing setting of a detection voltage feedback ratio by 
a power control section shown in Fig. 16; 
Fig. 18 is a block diagram showing an architecture 
of a transmission power control circuit according a 
second modification of the third embodiment of the 
present invention; 

Fig. 19 is a block diagram showing an architecture 
of a transmission power control circuit according to 
a fourth embodiment of the present invention; 
Figs. 20A and 20B are conceptual graphs for de- 
scribing setting of a detection voltage feedback ratio 
by a power control section shown in Fig. 1 9; 
Fig. 21 is a block diagram showing an architecture 
of a transmission power control circuit according a 
first modification of the fourth embodiment; 
Figs. 22A and 22B are conceptual graphs for de- 
scribing setting of a detection voltage feedback ratio 
by a power control section shown in Fig. 21 ; 
Fig. 23 is a block diagram showing an architecture 
of a transmission power control circuit according a 
second modification of the third embodiment of the 
present invention; 

Fig. 24 is a simplified block diagram showing an ar- 
chitecture of a general transmission power control 
circuit according to a prior art; and 
Fig. 25 is a diagram for describing a more detailed 
architecture of the transmission power control cir- 
cuit according to a prior art shown in Fig. 24. 

Best Mode for Carrying Out the Invention 

[0036] Detailed descriptions will be given of transmis- 
sion power control circuits according to embodiments of 
the present invention with reference to the accompany- 
ing drawings. Note that the same symbols are attached 
to the same or corresponding constitutes in the figures 
and none of descriptions thereof is repeated. 

(First Embodiment) 

[0037] Referring to Fig. 1 , a transmission power con- 
trol circuit 100 according to the present invention in- 
cludes: a variable gain amplifier 1 , a distributor 2, a de- 
tecting circuit 3; a reference voltage generating circuit 4 
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and a power control section 110. 

[0038] As described in Fig. 24, variable gain amplifier 
1 amplifies a transmitting wave with a gain according to 
a control voltage V c from power control section 11 0 to 
generate a transmitting wave output. Distributor 2 takes 
out part of a transmission power P OUT from the trans- 
mitting wave output. Detecting circuit 3 detects the part 
of a transmission power obtained by distributor 2 to gen- 
erate a detection voltage V DET corresponding to trans- 
mission power Pqut- Reference voltage generating cir- 
cuit 4 generates a reference voltage V REF according to 
a designated level of transmission power Pqut- 
[0039] In power control section 1 1 0, a detection volt- 
age feedback ratio K and control voltage feedback ratio 
K* are set in an interlocked manner according to a rela- 
tionship between transmission power Pqut and a meas- 
urable range of detecting circuit 3. 
[0040] Power control section 1 1 0 generates a control 
voltage V c according to the following equation (2) based 
on reference voltage V REF , detection voltage V DET and 
control voltage V c . 



V C = V REF -(K*V DET + K'*V C ) 



(?) 



[0041] When transmission power P OUT is within a 
measurable range of detecting circuit 3, close loop con- 
trol for causing transmission power Pout* 0 De closer to 
a designated level can be realized similarly to the equa- 
tion (1) by setting control voltage feedback ratio K' to 0 
with negative-fed back of detection voltage V DEr from 
detecting circuit 3. 

[0042] On the other hand, when transmission power 
p out is outside a measurable range of a detecting cir- 
cuit 3, detection voltage feedback ratio K is set to 0. As 
a result of the setting, since a relation that V REF - KW C 
= V c is established, control voltage V c in this case is set 
as shown in the following equation (3). 



v c = V REF /(1 + K') 



(3) 



[0043] As a result, control voltage V c is generated by 
open loop control based on reference voltage V REF . 
[0044] In a transmission power control circuit, a rela- 
tionship between a transmission power designated val- 
ue p cmd and reference voltage V REF has been deter- 
mined on a precondition that negative-feedback through 
detecting circuit 3 has been performed. Therefore, when 
transmission power Pour is outside a measurable range 
of a detecting circuit 3, transmission power P OUT of a 
transmitting wave output controlled based on reference 
voltage V REF produces large error from transmission 
power designated value P CMD if negative-feedback from 
detecting circuit 3 is simply cut off. 
[0045] In orderto avoid this, if negative-feedback from 
detecting circuit 3 is cut off when transmission power 
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Pout °f a transmitting wave output is outside a meas- 
urable range (in a n on- measurable range) of detecting 
circuit 3, control voltage V c is generated using a product 
of control voltage V c and control voltage feedback ratio * 
K' as a substitute for the cut-off of the negative-feedback 
to generate control voltage V c . Thereby, it is not neces- 
sary to set relationships between transmission power 
designated value P C md and reference voltage V REF 
separately inside and outside a measurable range of de- 
tecting circuit 3. 

[0046] Referring to Fig. 4, a transmission power con- 
trol circuit 101a according to the first embodiment in- 
cludes: variable gain amplifier 1 , distributor 2; detecting 
circuit 3; reference voltage generating circuit 4 and a 
power control section 120a. 

[0047] Reference voltage generating circuit 4, similar 
to the architecture shown in Fig. 25, includes: transmis- 
sion power designating section 7; control section 8 and 
D/A converter 9. Transmission power designating sec- 
tion 7 generates transmission power designated value 
P CMD indicating a designated level of a transmission 
power. Control section 8 generates a digital signal cor- 
responding to a transmission power designated value 
P CMD from transmission power designating section 7. 
D/A converter 9 generates reference voltage V REF hav- 
ing an analog voltage corresponding to a digital signal 
from control section 8. 

[0048] Power control section 1 20a includes: a thresh- 
old voltage generating circuit 121 , a comparator 122, in- 
verter 123, control state changeover switches 124 and 
125; an operational amplifier 126; and resistance ele- 
ments R1 to R3. 

[0049] Threshold voltage generating circuit generat- 
ing a threshold voltage for determining whether or 
not transmission power Pqut ,s * ns 'de a measurable 
range of detecting circuit 3 based on detection voltage 
V DET . Comparator 122 compares threshold voltage V-j^ 
from threshold voltage generating circuit 121 and detec- 
tion voltage V DET from detecting circuit 3 with each oth- 
er. 

[0050] To be concrete, when detection voltage V DET 
is larger than threshold voltage V-p.,, that is when it is 
determined that transmission power Pour ^ a " s w 't mn a 
measurable range of detection circuit 3, an output of 
comparator 122 is set at H level. On the other hand, 
when detection voltage V DET is lower than threshold 
voltage V-p.,, that is when it is determined that transmis- 
sion power Poyj falls outside the measurable range of 
detection circuit 3, an output of comparator 1 22 is set at 
L level. 

[0051] Reference voltage V REF from D/A converter 9 
is inputted to the non-inverting input terminal of opera- 
tional amplifier 126. Resistance element R1 is coupled 
between the inverted input terminal and the output ter- 
minal of operational amplifier 126. Control voltage V c 
generated at the output terminal of operational amplifier 
126 Is transmitted to variable gain amplifier 1 . 
[0052] Control state changeover switch 124 and re- 



sistance element R2 are coupled in series between the 
inverted input terminal of operational amplifier 126 and 
detecting circuit 3. Control state changeover switch 125 
and resistance element R3 are coupled in series be- 
5 tween the inverted input terminal of operational amplifier 
126 and ground voltage GND. 

[0053] Control state changeover switches 124 and 
125 are complementarily turned on/off corresponding to 
an output of comparator 1 22. When it is determined that 

io transmission power Pqut fa,,s witnin a measurable 
range of detection circuit 3, that is when an output of 
comparator 122 is set at H level, control state change- 
over switch 1 24 is turned on, while control state change- 
over switch 125 is turned off. 

15 [0054] As a result, detection voltage V DEF as nega- 
tive-feedback is inputted to operational amplifier 126 
through resistance element R2. Therefore, a close loop 
control system is formed in which control voltage V c is 
corrected each time according to actual transmission 

20 power Pout- 

[0055] On the other hand, when it is determined that 
transmission power Pour falls outside a measurable 
range of detection circuit 3, that is when an output of 
comparator 1 22 is set at L level, control state changeo- 

25 ver switch 1 25 is turned on, while control state change- 
over switch 124 is turned off. 

[0056] Detection voltage V DET is not transmitted to the 
inverted input terminal of operational amplifier 126 and 
operation amplifier 126 operates as a non-inverting am- 

30 plifier with reference voltage V REF from D/A converter 
as only one input. Therefore, control voltage V c is gen- 
erated by an open loop control system only following to 
reference voltage V REF , that is transmission power des- 
ignated value P C md- 

35 [0057] Referring to Fig. 3, power control section 1 20a 
changes setting of detection voltage feedback ratio K 
according to a level of detection voltage V DET . That is, 
power control section 120a, when detection voltage 
V DET is higher than threshold voltage Vyn, determines 

40 that transmission power Pqut is within a measurable 
range of detecting circuit 3 to set detection voltage feed- 
back ratio K to Kq. Resistance values of resistance ele- 
ments R1 and R2 shown in Fig. 2 are designed so as to 
attain a prescribed feedback ratio Kq. 

45 [0058] On the other hand, power control section 120a, 
when detection voltage V DET is lower than threshold 
voltage V-^, determines that transmission power Pour 
is outside a measurable range of detecting circuit 3 to 
set detection voltage feedback ratio K to 0. That is, neg- 

so ative-feedback of detection voltage V DET is temporarily 
ceased to perform open loop control. A resistance value 
of resistance element R3 shown in Fig. 2 is designed in 
consideration of a relationship between reference volt- 
age V REF and transmission power Pqut in °P en ,00 P 

55 control. 

[0059] Referring to Fig. 4, open loop control and close 
loop control are changed over therebetween based on 
detection voltage V DET according to transmission power 
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Pout- Within a close loop control range corresponding 
to inside a measurable range of detecting circuit 3, ap- 
proximate coincidence occurs between an ideal control 
response indicated with a dotted line and an actual 
transmission power indicated with a solid line because 
of negative-feedback of detection voltage V DET . 
[0060] On the other hand, within an open loop control 
range corresponding to outside a measurable range of 
detecting circuit 3, a gain of variable gain amplifier 1 is 
set according to transmission power designated value 

p cmd- 

[0061] Therefore, no necessity arises for selectively 
using one of relationships between transmission power 
designated value P C md and reference voltage V REF ac- 
cording to an inside/outside measurable range of de- 
tecting circuit 3, thereby enabling simplification of an ar- 
chitecture of control section 8. 

[0062] As described above, In a transmission power 
control circuit according to the first embodiment, in a 
case where, for example, high control precision is re- 
quired only In a relatively large range of transmission 
power P OUT but low control precision is allowed In a rel- 
atively small range of transmission power P OUT , a dy- 
namic range of transmission powercan be ensured wide 
without increasing a measurable range of a detecting 
circuit, that is using a general inexpensive detecting cir- 
cuit. 

(First Modification of First Embodiment) 

[0063] Referring to Fig. 5, a transmission power con- 
trol circuit 101b according to a first modification of the 
first embodiment is different from transmission power 
control circuit 101a shown in Fig. 2 in comparison in that 
a power control section 120b is included as constituent 
instead of power control section 120a. Power control 
section 120b is different from the power control section 
120a shown in Fig. 2 in comparison that threshold volt- 
age generating circuit 121 and comparator 122 is omit- 
ted. In power control section 120b, control section 8 per- 
forms issuance of an on/off command of control state 
changeover switches 124 and 125, that is, a changeover 
command between open loop control and close loop 
control. Control section 8 issues an on/off command for 
control state changeover switches 124 and 125 accord- 
ing to transmission power designated value P C md- 
[0064] Referringto Fig. 6, power control section 120b, 
when transmission power designated value P CMD is 
larger than a prescribed level Pjh determines that 
transmission power P OUT is within a measurable range 
of detecting circuit 3 to set detection voltage feedback 
ratio K to K 0 . In this case, control state changeover 
switch 124 is turned on and control state changeover 
switch 125 is turned off, in response to a command of 
control section 8. 

[0065] On the other hand, power control section 120b, 
when transmission power designated value Pcmd is 
lower than a prescribed level P^, determines that trans- 



mission power Pour ' s out of a measurable range of de- 
tecting circuit 3 to set detection voltage feedback ratio 
Kto 0. In this case, control state changeover switch 125 
is turned on and control state changeover switch 124 is 
5 turned off, in response to a command of control section 
8. 

[0066] That is, in the first modification of the first em- 
bodiment, a determination on whether or not actual 
transmission power Pqut ' s within a measurable range 

10 of detecting circuit 3 is executed based not on actual 
detection voltage V DET but on transmission power des- 
ignated value P C md- Since the other part and operations 
therein of transmission power control circuit 101b are 
similar to transmission power control circuit 101a shown 

15 Fig. 2, none of descriptions thereof is repeated. 

[0067] With such an architecture adopted, while a pre- 
cision in determining whether or not actual transmission 
power Pour is within a measurable range of detecting 
circuit 3 is lowered, a circuit determining a level of de- 

20 tection voltage V DET , that is, threshold voltage generat- 
ing circuit 121 and comparator 122 can be deleted, 
thereby enabling simplification of an architecture of 
power control section 120b. 



25 



(Second Modification of the first Embodiment) 



[0068] Referring to Fig. 7, a transmission power con- 
trol circuit 101c according to a second modification of 
the first embodiment is different from the transmission 
30 power control circuit 1 01 a shown in Fig. 2 in comparison 
in that power control section 120c is included instead of 
power control section 120a. Furthermore, control sec- 
tion 8 and D/A converter 9 are not included and trans- 
mission power designated value P CMD from transmis- 
35 sion power designating section 7 is given directly to 
power control section 120c as a digital signal as is. 
[0069] Power control section 120c includes an A/D 
converter 135; a control computing section 137; and a 
D/A converter 139. 
40 [0070] A/D converter 1 35 converts detection voltage 
V DET form detecting circuit 3 to a digital signal. Control 
computing section 137 receives a digital signal accord- 
ing to detection voltage V DET form detecting circuit 3 and 
transmission power designated value Pqmd as a digital 
45 signal unchanged to perform a digital computing based 
on detection voltage feedback ratio K set similarly to Fig. 
6. That is, control computing section 137 performs a 
control operation similar to power control section 110b 
constructed as an analog circuit. A result of the opera- 
te tion in control computing section 137 is converted to an 
analog voltage by D/A converter 139 and transmitted to 
variable gain amplifier 1 as control voltage V c . 
[0071] In such away, in the second modification of the 
first embodiment, transmission power control similar to 
55 the first modification of the first embodiment can be re- 
alized by a digital computing. 

[0072] Note that, while in the first embodiment and the 
first and second modifications thereof as well, the archi- 
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tectures are shown in which a design is performed so 
that a measurable range of detecting circuit 3 corre- 
sponds to a relative high range of transmission power 
P OUT , an architecture can be adopted in which a meas- 
urable range of detecting circuit 3 corresponds to a rel- 
ative small range of transmission power Pqut and a cor- 
respondence between large/small of transmission pow- 
er Pqut and setting of open loop control/close loop con- 
trol is reversed. 

(Second Embodiment) 

[0073] In a transmission power control circuit accord- 
ing to the first embodiment, changeover is made be- 
tween open loop control and close loop control accord- 
ing a result of determination on whether or not actual 
transmission power Pqut ' s inside a measurable range 
of a detecting circuit. As a result of this, since a detection 
voltage feedback ratio changes stepwise in the vicinity 
of a changeover boundary region between open loop 
control and close loop control, there is a risk of a sudden 
change in transmission power Pqut' 11 tne vicinity- 
Therefore, in the second embodiment, description will 
be given of a control scheme preventing a sudden 
change in a transmission power in a changeover bound- 
ary region between open loop control and close loop 
control. 

[0074] Referring to Fig. 8, a transmission power con- 
trol circuit 102a according to the second embodiment is 
different from transmission power control circuit 101a 
according to the first embodiment shown in Fig. 2 in 
comparison in that power control section 1 40a is includ- 
ed as constituent instead of power control section 120a. 
[0075] Power control section 140a is different from 
power control section 120a shown in Fig. 2 in compari- 
son in that feedback control circuit 1 42 is incorporated 
instead of threshold voltage generating circuit 121 and 
comparator 122; a variable resistor 1 44 instead of con- 
trol state changeover switch 124 and resistance ele- 
ment R2; and a variable resistor 146 instead of control 
state changeover switch 125 and resistance element 
R3. 

[0076] Feedback ratio control circuit 142 controls re- 
sistance values of variable resistors 144 and 146 ac- 
cording to detection voltage V DET from detecting circuit 
3. Variable resistor 144 is used as means adjusting de- 
tection voltage feedback ratio K. Variable resistor 146 is 
used as means adjusting control voltage feedback ratio 
K\ 

[0077] Referring to Fig. 9, when detection voltage 
V DEr is larger than a prescribed voltage Vy^, that is 
when it is determined that transmission power Pqut ' s 
sufficiently within a measurable range of detecting cir- 
cuits, feedback ratio control circuit 1 42 sets a resistance 
value of variable resistor 1 46 to the maximum (oo, ideal- 
ly). Thereby, detection voltage feedback ratio K is set to 
Kq based on a ratio between resistance element R2 and 
a resistance value of variable resistor 146 to perform 



close loop control by negative-feedback of detection 
voltage V DET . 

[0078] On the other hand, when detection voltage 
V DET is smaller than a prescribed voltage V-^, that is 

5 when it is determined that transmission power Pqut ' s 
outside a measurable range of detecting circuit 3, feed- 
back ratio control circuit 142 sets a resistance value of 
variable resistor 144 to the maximum («~, ideally). As a 
result, a non-inverting amplifier with reference voltage 

10 V REF as an input is constituted by control voltage feed- 
back ratio K' according to resistance element R1 and a 
resistance value of variable resistor 144 to thereby per- 
form open loop control of transmission power P OUT 
based on transmission power designated value Pcmd- 

15 [0079] Furthermore, in a region, corresponding to a 
changeover boundary region between open loop control 
and close loop control, and in which detection voltage 
V DET is higher than prescribed voltage Vy^ and lower 
than V-n^, feedback ratio control circuit 1 42 adjusts re- 

20 sistance values of variable resistors 1 44 and 1 46 so that 
detection voltage feedback ratio K gradually changes. 
In this region, detection voltage feedback ratio K is set 
so that transmission power Pqut decreases toward out- 
side a measurable range of detecting circuit. 

25 [0080] In comparison of Fig. 10 with Fig. 4, in an ar- 
chitecture according to the second embodiment, there 
is provided a feedback ratio transition section where de- 
tection voltage feedback ratio K gradually changes in a 
changeover boundary region between open loop control 

30 and close loop control to change over between close 
loop control and open loop; therefore, a sudden change 
in transmission power can be prevented in the change- 
over boundary region. 

35 (First Modification of Second Embodiment) 

[0081 ] Referring to Fig. 1 1 , a transmission power con- 
trol circuit 102b according to a first modification of the 
second embodiment is different from transmission pow- 
40 er control circuit 1 02a shown in Fig. 8 in comparison in 
that power control section 140b is included instead of 
power control section 140a. 

[0082] Power control section 140b is different from 
power control section 140ashown in Fig. 8 in that feed- 

45 back ratio control circuit 1 42 is omitted. In power control 
section 140b, resistance values of variable resistors 144 
and 1 46 are controlled by control section 8. Control sec- 
tion 8 sets resistance values of variable resistors 144 
and 146 according to transmission power designated 

50 value Pcmd ^ rom transmission power designating sec- 
tion 7. 

[0083] Referring to Fig. 1 2, when transmission power 
designated value Pcmd is ,ar 9 er than prescribed level 
P TH2» tnat ' s wnen ft is determined that transmission 
55 power Pout ' s sufficiently inside a measurable range of 
detecting circuit 3, control section 8 sets a resistance 
value of variable resistor 1 46 to the maximum («> ( ideal- 
ly). Thereby, detection voltage feedback ratio K is set to 
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Kq based on a ratio between resistance element R2 and 
a resistance value of variable resistor 144 to perform 
close loop control by negative-feedback of detection 
voltage V DET . 

[0084] On the other hand, when transmission power 
designated value P CMD is smaller than prescribed level 
P-rm, that is when it is determined that transmission 
power P 0 ut is outside a measurable range of detecting 
circuit 3, control section 8 set a resistance value of var- 
iable resistor 144 to the maximum (<*>, ideally). As a re- 
sult, a non-inverting amplifier with reference voltage 
V REF as an input is constituted by control voltage feed- 
back ratio K' according to resistance element R1 and a 
resistance value of variable resistor 1 46 to thereby per- 
form open loop control of transmission power Pour 
based on transmission power designated value P CM d- 
[0085] Furthermore, when transmission power desig- 
nated value P C md corresponding to a changeover 
boundary region between open loop control and close 
loop control is higher than prescribed level P TH1 and 
lower than prescribed level Pth2» control section 8 ad- 
justs resistance values of variable resistors 144 and 146 
so that detection voltage feedback ratio K gradually 
changes. Detection voltage feedback ratio K is set sim- 
ilarto the second embodimentso that transmission pow- 
er Pour decreases toward outside a measurable range 
of detecting circuit in a changeover boundary region. 
[0086] In such away, in transmission power control 
circuit 1 02b according to the first modification of the sec- 
ond embodiment, whether actual transmission power 
p out is inside or outside a measurable range of detect- 
ing circuit 3 is determined not by detection voltage V DET 
but by transmission power designated value Pcmd- Witn 
such a architecture adopted, while a precision in deter- 
mining whether or not actual transmission power Pqut 
is inside or outside a measurable range of detecting cir- 
cuit 3 is lowered, a circuit (feedback ratio control circuit 
142 in Fig. 8) performing determination based on detec- 
tion voltage V DET is not required any longer in the sys- 
tem; thereby enabling simple architecture of a power 
control section to be realized. 

[0087] While in the second embodiment and the first 
modification thereof, the architecture is shown in which 
detection voltage feedback ratio K continuously chang- 
es in an changeover boundary region between open 
loop control and close loop control and an architecture 
is shown in which variable resistors 144 and 146 each 
of whose resistance value changes in an analog fash- 
ion. As variable resistors, a type whose resistance value 
gradually changes stepwise may also used. In this case, 
detection voltage feedback ratio K in a changeover 
boundary region gradually changes stepwise. 

(Second Modification of Second Embodiment) 

[0088] Referring to Fig. 13, transmission power con- 
trol circuit 1 02c according to the second modification of 
the second embodiment is different from transmission 



powercontrol circuit 1 02a shown in Fig. 8 in comparison 
in that power control section 140c is incorporated in- 
stead of powercontrol section 140a. Furthermore, con- 
trol section 8 and D/A converter 9 are omitted and trans- 

5 mission power designating value P CMD from transmis- 
sion power designating section 7 is given directly to 
powercontrol section 140c as a digital signal as is. 
[0089] Power control section 140c includes: an A/D 
converter 135; a control computing section 147; and a 

10 D/A converter 139. 

[0090] Operation in A/D converter 135 is similarto op- 
eration described in Fig. 7. Control computing section 
147 receives a digital signal corresponding to detection 
voltage V DET from detecting circuit 3 and transmission 

^5 power designated value P CMD as a digital signal un- 
changed to perform a digital computing based on detec- 
tion voltage feedback ratio K set similarly to Fig. 1 2. That 
is, in control computing section 137, a control operation 
similar to power control section 140b as an analog cir- 

20 cuit. A result of the operation of control computing sec- 
tion 137 is converted to an analog signal by D/A con- 
verter 139 and transmitted to variable gain amplifier 1 
as control voltage V c . 

[0091] In such a way, in the second modification of the 
25 second embodiment, there can be realized transmission 
power control similar to the first modification of the sec- 
ond embodiment by a digital computing. 
[0092] In the second embodiment and first and sec-* 
ond modifications thereof as well, the architectures are 
30 shown that is designed so that a measurable range of 
detecting circuit 3 corresponds to a relative high range 
of transmission power P 0 ur. ar * architecture can be. 
adopted in which a measurable range of detecting circuit 
3 corresponds to a relative small range of transmission 
35 power P OLrr and a correspondence between large/small 
of transmission power Pqut and setting of open loop 
control/close loop control is reversed. 



40 



(Third Embodiment) 



[0093] Referring to Fig. 14, transmission power con- 
trol circuit 1 03a according to the third embodiment is dif- 
ferent from transmission power control circuit 101a ac- 
cording to the first embodiment shown in Fig. 2 in com- 

45 parison in that there are a plurality of incorporated dis- 
tributors 2a, 2b and 2c, a first detecting circuit 3a, a sec- 
ond detecting circuit 3b and a third detecting circuit 3c, 
having respective different measurable ranges. First de- 
tecting circuit 3a, second detecting circuit 3b and third 

50 detecting circuit 3c are provided corresponding to dis- 
tributors 2a, 2b ad 2c, respectively. 
[0094] First detecting circuit 3a generates detection 
voltage V DET1 by detecting part of transmission power 
obtained by distributor 2a. Second detecting circuit 3b 

55 generates detection voltage V DET2 by detecting part of 
transmission power obtained by distributor 2b. Third de- 
tecting circuit 3c generates detection voltage V DEX3 by 
detecting part of transmission power obtained by distrib- 



9 



ISDOCID: <EP 



1309094A1J_> 



17 



EP 1 309 094 A1 



18 



utor 2c. 

[0095] Transmission power control circuit 103a ac- 
cording to the third embodiment is different from trans- 
mission power control circuit 101a shown in Fig. 2 in 
comparison in that power control section 1 50a is incor- 
porated instead of power control section 120a. 
[0096] Power control section 150a includes: a feed- 
back ratio control circuit 1 52; variable resistors 1 54, 1 56 
and 158; resistance element R2; and an operational am- 
plifier 126. 

[0097] Variable resistor 1 54 is disposed between first 
detecting circuit 3a and the non-inverting input terminal 
of operational amplifier 126 to transmit detection voltage 
V DEri . Variable resistor 1 56 is disposed between sec- 
ond detecting circuit 3b and the non-inverting input ter- 
minal of operational amplifier 1 26 to transmit detection 
voltage V DET2 . Variable resistor 158 is disposed be- 
tween third detecting circuit 3c and the non-inverting in- 
put terminal of operational amplifier 1 26 to transmit de- 
tection voltage V DET3 . 

[0098] Feedback ratio control circuit 152 sets resist- 
ance values of variable resistor 154, 1 56 and 158 based 
on detection voltages V DET1 , V DET2 and V DET3 . 
[0099] Referring to Figs. 15A to 15C, while first de- 
tecting circuit 3a, second detecting circuit 3b and third 
detecting circuit 3c have respective different measura- 
ble ranges, measurable ranges between any two detect- 
ing circuits adjacent to each other are set so as to over- 
lap on each other. For example, a measurable range of 
first detecting circuit 3a corresponds to a range of V DEf1 
< Vn-,2 and a measurable range of second detecting cir- 
cuit 3b corresponds to a range of V-p^ < V DET2 < V-p^. 
Furthermore, a measurable range of third detecting cir- 
cuit 3c corresponds to a range of V DET3 > V TH3 . Estab- 
lished between threshold voltages are relations that 

V TH1 < V TH2 and V TH4 > V-TH3' 

[0100] Therefore, in a range in which detection volt- 
age is higher than V-n^ and lower than V-^, measure- 
ment can be performed in both of first detecting circuit 
3a and second detecting circuit 3b. Similarly, in a range 
in which detection voltage is higher than V-^ and lower 
than Vt^ measurement can be performed in both of 
second detecting circuit 3b and third detecting circuit 3c 
[0101] Feedback ratio control circuit 152 sets resist- 
ance values of variable resistors 154, 156 and 158 so 
that detection voltage feedback ratios K 1 , K 2 and K 3 cor- 
responding to respective detection voltages V DET1 , 
v det2 and v det3 change as shown in Figs. 14A to 14C 
according to a detection voltage. 
[0102] Referring to Fig. 15A, when detection voltage 
V DET1 corresponds to a measurable range of first de- 
tecting circuit 3a, that is when V DET1 < V TH2) feedback 
ratio K1 corresponding to detection voltage V DET1 is set 
to K 1 > 0. Especially, when overlapping occurs on a 
measurable range of second detecting circuit 3b, that is 
in a range of V TH1 < V DET1 < Vj^, detection voltage 
feedback ratio K-, changes so as to gradually decrease 
toward a non-measurable range of first detecting circuit 



3a, that is as V DET1 approaches V-p^. On the other 
hand, in the other range, that is in a range of V TH1 < 
V DET1 , detection voltage feedback ratio K-j is set to pre- 
scribed level Kq. 

5 [0103] On the other hand, when detection voltage 
V DET1 corresponds to outside a measurable range of 
first detecting circuit 3a (V DET1 > V TH2 ), detection volt- 
age feedback ratio K 1 is set to 0. In this case, a resist- 
ance value of variable resistor 1 54 is set to the maximum 

10 value (°°, ideally). 

[0104] Referring to Fig. 15B, feedback ratio K 2 corre- 
sponding to detection voltage V DET2 is set to K 2 > 0 
when detection voltage V DET2 corresponds to a meas- 
urable range of second detecting circuit 3b, that is in a 

15 case of V TH1 < V DET2 < V-^. Especially, in a range 
where overlapping occurs on a measurable range of first 
detecting circuit 3a or second detecting circuit 3b, that 

ls V TH1 < V DET2 < V TH2 and V TH3 < V DET2 < V TH4« de * 

tection voltage feedback ratio K 2 changes so as to grad- 
20 ually decrease toward a non-measurable range of sec- 
ond detecting circuit 3b. On the other hand, in the other 
range, that is in a range of V-^ < V-,-^, detection volt- 
age feedback ratio K 1 is set to prescribed level Kq. Fur- 
thermore, still in the other range, that is in a range of 
25 V-J-H2 < V DET2 < V TH3 , detection voltage feedback ratio 
K 2 is set to prescribed level Kq. 

[01 05] In contrast, when detection voltage V DET2 cor- 
responds to outside a measurable range of first detect- 
ing circuit 3b (V DEX2 < V TH1 or V DEX2 > V-p.^), detection 
30 voltage feedback ratio \<2 is set to 0. A resistance value 
of variable resistor 156 is set the maximum value (°», 
ideally). 

[0106] Referring to Fig. 1 5C, feedback ratio K 3 corre- 
sponding detection voltage V DET3 is set to K 3 > 0, when 

35 detection voltage V DET3 corresponds to a measurable 
range of third detecting circuit 3c, that is in a case of 
V DET3 > Vxh3- Especially, in a range which overlaps a 
measurable range of second detecting circuit 3b, that is 
in a range of V-^ < V DET3 < V-^, detection voltage 

40 feedback ratio K 3 changes so as to gradually decrease 
toward a non-measurable range of third detecting circuit 
3c, that is as V DET3 comes to closerto V-j-j_| 3 . On the other 
hand, in the other range, that is in a range of V DET3 > 
V"|-|_|4, detection voltage feedback ratio K 3 is set to pre- 

45 scribed level Kq. 

[0107] In contrast, when detection voltage V DET3 cor- 
responds to outside a measurable range of third detect- 
ing circuit 3c (V DET3 < Vj|_j 3 ), detection voltage feedback 
ratio K 3 is setto 0. A resistance value of variable resistor 

so 1 58 is set to the maximum value («> f ideally). 

[0108] With such an architecture adopted, in a range 
where measurable ranges of first detecting circuit 3a, 
second detecting circuit 3b and third detecting circuit 3c 
overlap each other, that is in the vicinity of changeover 

55 between mainly used detection circuits, detection volt- 
age feedback ratios K 1 to K 3 are set so that detection 
voltages from two detecting circuits sharing the over- 
lapped measurable ranges with each other are synthe- 



19 



EP 1 309 094 A1 



20 



sized and negative-fed back. 

[0109] Furthermore, in such a range, detection volt- 
age feedback ratios to K 3 are set so that a synthetic 
ratio between synthesized detection voltages gradually 
changes according to a relationship between a detec- 
tion voltage and a measurable range of a detecting cir- 
cuit. 

[0110] Therefore, close loop control with a detection 
voltage for ensuring a wide dynamic range of a trans- 
mission power can be implemented without increasing 
measurable ranges of respective detecting circuits, that 
is by use of a plurality of general inexpensive detecting 
circuits. Furthermore, a discontinuous change in trans- 
mission power can be prevented in changeover be- 
tween mainly used detecting circuits according to a re- 
lationship between a measurable range of each detect- 
ing circuit and a detection voltage. 

(First Modification of Third Embodiment) 

[0111] Referring to Fig. 16, transmission power con- 
trol circuit 103b according to a first modification of the 
third embodiment is different from transmission power 
control circuit 1 03a according to of the third embodiment 
in comparison in that a power control section 150b is 
included instead of power control section 150a. 
[0112] Power control section 150b is different from 
power control section 1 50a shown in Fig. 1 4 in that feed- 
back ratio control circuit 152 is omitted in architecture. 
In power control section 150b, resistance values of var- 
iable resistors 154, 156 and 158 are controlled by con- 
trol section 8. Control section 8 sets resistance values 
of variable resistors 154, 156 and 158 according to 
transmission power designated value P C md f rom trans- 
mission power designating section 7 so that detection 
voltage feedback ratios K 1 , Kg and K 3 change according 
to a detection voltage as shown in Fig. 17Ato 17C. 
[0113] Referring to Figs. 17A to 17C, threshold volt- 
ages Pjh^ P-pn2» Pth3 and P TH4 are determined corre- 
spondingly to measurable ranges of first detecting cir- 
cuit 3a, second detecting circuit 3b and third detecting 
circuit 3c, respectively. 

[01 14] Referring to Fig. 1 7A, feedback ratio K 1 corre- 
sponding to detection voltage V DET1 is set to ^ > 0 
when it is determined that transmission power designat- 
ed value P CMD corresponds to a measurable range of 
fist detecting circuit 3a, that is in a case of P CMD < Pj^ 2 - 
Especially, in a range in which overlapping occurs on a 
measurable range of second detecting circuit 3b, that is 
in a range of P TH1 < P C md < P TH2» detection voltage 
feedback ratio K 1 changes so as to gradually decrease 
toward a non-measurable range of first detecting circuit 
3a, that is as P CMD approaches P-,^. On the other hand, 
in the other range , that is in a range of P CMD < Pjh^ 
detection voltage feedback ratio is set to prescribed 
level Kq. 

[0115] In contrast to this, when it is determined that 
transmission power designated value P C md corre- 



sponds to outside a measurable range of first detecting 
circuit 3a (P C md > P TH2)> detection voltage feedback ra- 
tio K 1 is set to 0. 

[01 1 6] Referring to Fig. 1 7B, feedback ratio K 2 corre- 
5 sponding to detection voltage V DET2 is set to K 2 > 0, 
when it is determined that transmission power designat- 
ed value P CMD corresponds to a measurable range of 
second detecting circuit 3b, that is, in a case of P TH1 < 
p cmd < p th4- Especially, in a range in which overlapping 
10 occurs on a measurable range of first detecting circuit 
3a or third detecting circuit 3c, that is in a range of P TH1 
< p cmd < p TH2 and jn a range of P^g < P CMD < P^, 
detection voltage feedback ratio K 2 changes so as to 
gradually decrease toward a non-measurable range of 
15 second detecting circuit 3b. On the other hand, in the 
other range, that is in a range of P-,-^ < P CMD < P-n^, 
detection voltage feedback ratio K 2 is set to prescribed 
level Kq. 

[0117] In contrast to this, when it is determined that 

20 transmission power designated value P CMD corre- 
sponds to outside a measurable range of first detecting 
circuit 3b (P CMD < P TH1 or P CMD > P^), detection volt- 
age feedback ratio Kg is set to prescribed level 0. 
[01 1 8] Referring to Fig. 1 7C, feedback ratio K 3 corre- 

25 sponding to detection voltage V DET3 is set to K 3 > 0? 
when it is determined that transmission power designate 
ed value Pcmd corresponds to a measurable range of 
third detecting circuit 3c, that is, in a case of P CMD > 
Pth3- Especially, in a range in which overlapping occurs 

30 on a measurable range of second detecting circuit 3b, 
that is in a range of < P CMD < P^, detection volt- 
age feedback ratio K 3 changes so as to gradually de- 
crease toward a non-measurable range of third detect- 
ing circuit 3c, that is as P C md approaches P^. On the 

35 other hand, in the other range, that is in a range of P CMD 
> P-J-H4, detection voltage feedback ratio K 3 is set to pre- 
scribed level Kq. 

[0119] In contrast to this, when it is determined that 
transmission power designated value P C md corre- 
40 sponds to outside a measurable range of third detecting 
circuit 3c (Pc^d < P-ma)- detection voltage feedback ra- 
tio K 3 is set to 0. 

[0120] In such a way, in transmission power control 
circuit 103b according to the first modification of the 

45 second embodiment, it is determined which is a 
detection circuit corresponding to actual transmission 
power Pour according to transmission power 
designating value P C md- Wltn suc h an architecture 
adopted, while determination precision in a detecting 

50 circuit having a measurable range corresponding to 
actual transmission power Pqut * s lowered, no 
necessity arises for a circuit as a constituent (feedback 
ratio control circuit 152 in Fig. 14) performing a 
determination based on detection voltages V DET1 , 

55 V DET2 and V DET3 , thereby enabling a simplified circuit 
architecture for performing transmission power control 
similar to the second embodiment. 
[0121] Furthermore, while in the third embodiment 
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and the first modification thereof as well, the architec- 
tures are shown in which variable resistors 1 54, 1 56 and 
158, respective resistance values changing in an analog 
fashion, the resistors each may be of a type having a 
resistance value that changes gradually stepwise. 

(Second Modification of Third Embodiment) 

[0122] Referring to Fig. 18, transmission power con- 
trol circuit 103c according to a second modification of 
the third embodiment is different from transmission pow- 
er control circuit 1 03a according to the third embodiment 
in comparison in that power control section 150c is in- 
cluded as a constituent instead of power control section 
150a. Furthermore, control section 8 and D/A converter 
9 are omitted in the architecture and transmission power 
designated value Pcmd f rom transmission designating 
section 7 is given directly to power control section 1 50c 
as a digital signal as is. 

[01 23] Power control section 1 50c has a first A/D con- 
verter 135a; a second A/D converter 135b; a third A/D 
converter 135c; a control computing section 1 57; and a 
D/A converter 139. 

[01 24] First A/D converter 1 35a; second A/D convert- 
er 135b; and third A/D converter 1 35c are provided cor- 
responding to first detecting circuit 3a, second detecting 
circuit 3b and third detecting circuit 3c s respectively and 
detection voltages V DEX1 , V DEr2 and v det3 are convert- 
ed to digital signals. 

[01 25] Control computing section 1 57 receives a plu- 
rality of digital signals corresponding to respective de- 
tection voltages V DET1 , V DEX2 and V DET3 and transmis- 
sion power designated value P C md as a digital signal 
unchanged digital to perform a digital computing based 
on detection voltage feedback ratios K 1f K2 and K 3 , set 
similarly to Figs 1 7A to 1 7C. That is, in control computing 
section 157, there is performed a control operation sim- 
ilar to power control section 150b. A result of the oper- 
ation in control computing section 157 is converted to 
an analog signal by D/A converter 139 and transmitted 
to variable gain amplifier 1 as control voltage V c . 
[0126] With such an architecture adopted, in the sec- 
ond modification of the third embodiment, detection volt- 
ages V DCT1 , V DET2 and V DET g are converted to respec- 
tive digital signals and close loop control is realized 
based on a digital computing, thereby enabling realiza- 
tion of transmission power control similar to the first 
modification of the third embodiment. 
[01 27] Note that while in the third embodiment and the 
first and second modifications thereof, the architectures 
in which there are used the three detecting circuits hav- 
ing respective different measurable ranges, any plural 
number of such detection circuits can be used. In this 
case, a necessity rises for providing distributors and var- 
iable resistors correspondingly to respective detecting 
circuits. 



(Fourth Embodiment) 

[0128] In the fourth embodiment, description will be 
given of transmission power control obtained by com- 

5 bining an architecture in which a dynamic range cover- 
ing a wide range of a transmission power using a plu- 
rality of detection circuits which is described in the third 
embodiment and an architecture in which changeover 
is made between dose loop control and open loop con- 

10 trol which is described in the first embodiment. 

[0129] Referring to Fig. 19, transmission power con- 
trol circuit 104a according to the fourth embodiment is 
different from transmission power control circuit 101a 
according to the first embodiment in comparison in that 

is there is included first detecting circuit 3a and second 
detecting circuit 3b, both having respectively different 
measurable ranges, and distributors 2a and 2b corre- 
sponding to first detecting circuit 3a and second detect- 
ing circuit 3b. 

20 [0130] Furthermore, transmission power control cir- 
cuit 104a according to the fourth embodiment includes: 
powercontrol section 1 60a instead of power control sec- 
tion 120a shown in Fig. 2. 

[01 31 ] Referring to Figs. 20A and 20B, a measurable 
25 range of first detecting circuit 3a corresponds to a range 

°f v thi < v deti < V TH4 °f a detection voltage. On the 
other hand, a measurable range of second detecting cir- 
cuit 3b corresponds to a range of V DET2 > VjH3 of a de " 
tection voltage. Herein, measurable ranges of first de- 

30 tecting circuit 3a and second detecting circuit 3b are de- 
signed so as to be V~th3 < V TH4» tnat is so tnat P arts °f 
measurable ranges are overlapped on each other. 
[0132] Referring again to Fig. 19, powercontrol sec- 
tion 1 60a includes: operational amplifier 1 26; resistance 

35 element R1 ; feedback ratio control circuit 1 62: and var- 
iable resistors 164, 166 and 168. Variable resistor 164 
is coupled between first detecting circuit 3a and the in- 
verted input terminal of operational amplifier 126 to 
transmit detection voltage V DET1 . Variable resistor 166 

40 is coupled between second detecting circuit 3b and the 
inverted input terminal of operational amplifier 126 to 
transmit detection voltage V DET2 . Variable resistor 168 
is coupled between the inverted input terminal of oper- 
ational amplifier 126 and ground voltage GND. 

45 Resistance element R1 is connected between the in- 
verted input terminal and the output terminal of opera- 
tional amplifier 126. 

[0133] Feedback ratio control circuit 162 set resist- 
ance values of variable resistors 164, 166 and 168 

so based on detection voltages V DET1 and V DEX2 . 

[0134] Referring again to Figs. 20A to 20B, in a range 
in which detection voltages V DET1 and V DEr2 are lower 
than V-ih-i, detection voltage feedback ratios K 1 and K 2 
are both set to 0. That is, in this range, feedback ratio 

55 control circuit 1 62 sets resistance values of variable re- 
sistors 164 and 166 to the maximum value (00, ideally). 
As a result, a non-inverting amplifier is constituted of op- 
erational amplifier 126, resistance element R1 and var- 
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iable resistor 168, and control voltage V c is set based 
on open loop control. Resistance element R1 and a re- 
sistance value of variable resistor 168 is designed so 
that prescribed control voltage feedback ratio K' is ob- 
tained. 5 
[0135] In a range in which detection voltages V DET1 
and V DET2 are higher than V-p-,-,, a resistance value of 
variable resistor 1 68 is set to the maximum value (oo, 
ideally) to change over from open loop control based on 
reference voltage V REF to close loop control with nega- 10 
tive-feedback of a detection voltage. 
[0136] In a range, which corresponds to a region in 
the vicinity of a changeover boundary region between 
open loop control and close loop control, and in which 
a detection voltage is V TH1 < V DET1 < V TH2t a resistance is 
value variable resistor 164 is set so that feedback ratio 
K 1 gradually increases continuously. 
[0137] Furthermore, when detection voltage V DET1 is 
higher than threshold voltage Vy^, a resistance value 
of variable resistor 164 is set so that feedback ratio K n 20 
is prescribed detection voltage feedback ratio Ko in a 
range of V-^ < V DET1 < of a detection voltage. On 
the other hand, in a range of V DET2 < V-^, a resistance 
value of variable resistor 166 is set to the maximum val- 
ue (oo, ideally) so that feedback ratio 1^ is 0. 25 
[0138] In a range in which detection voltages V DET1 
and V DET2 are higher than threshold voltage V-p^ but 
lower than V-p^, resistance values of variable resistors 
1 64 and 1 66 are set so that as a detection voltage goes 
higher, feedback ratio K 1 gradually decreases and in ad- 30 
dition, feedback ratio K 2 gradually increases. That is, in 
a measurable range in which overlapping occurs be- 
tween a plurality of detecting circuits, a detection voltage 
feedback ratio is set similarly to the third embodiment 
Therefore, in this range, simi lar to the third embodiment, 35 
outputs of a plurality of detecting circuits are synthe- 
sized and negative-feedback is implemented. Further- 
more, sudden changeover between synthesis ratios 
does not occur but a synthesis ratio gradually changes. 
[0139] With such an architecture adopted, in a range 40 
which does not belong to any of measurable ranges of 
detecting circuits 3a and 3b, control voltage V c , that is 
a gain of variable gain amplifier 1 , can be set by open 
loop control based on reference voltage V REF , that is 
transmission power designated value Pcmd- 45 
[0140] When actual transmission power P OUT corre- 
sponds to a measurable range of one of detecting cir- 
cuits, similar to the transmission power control circuit 
according to the third embodiment, implementation can 
be realized of close loop control with a detection voltage so 
for ensuring a wide dynamic range of a transmission 
power without increasing a measurable range of each 
detecting circuit, that is by using a plurality of general 
inexpensive detecting circuits. Furthermore, a sudden 
change in transmission power in changeover between 55 
mainly used detecting circuits can be prevented accord- 
ing to a relationship between a measurable voltage of 
each detecting circuit and a detection voltage. 



(First Modification of fourth Embodiment) 

[0141] Referring to Fig. 21 , transmission power con- 
trol circuit 104b according to a first modification of the 
fourth embodiment is different from transmission power 
control circuit 104a shown in Fig. 18 in comparison in 
that a power control section 1 60b is included as constit- 
uent instead of power control section 1 60a. 
[0142] Power control section 160b is different from 
power control section 160a shown in Fig. 19 in that feed- 
back control circuit 1 62 is omitted as constituent. In pow- 
er control section 160b, resistance values of variable re- 
sistors 164, 166 and 168 are controlled by control sec- 
tion 8. Control section 8 sets resistance values of vari- 
able resistors 164, 166 and 168 according to transmis- 
sion power designated value P CMD from transmission 
power designating section 7 so that detection voltage 
feedback ratios K 1 and K 2 change as shown in Figs. 20A 
and 20B according to a detection voltage. 
[0143] Referring to Figs. 22A and 22B, threshold volt- 
ages Pjhi, Pjh2' P TH3 and p th4 are determined corre- 
spondingly to measurable ranges of detecting circuits 
3a and 3b. 

[0144] A measurable range of detecting circuit 3a is 
determined correspondingly to a range of P TH1 < P C md 
< P-TH4 of transmission power designated value P C md- 
On the other hand, a measurable range of detecting 
circuit 3b is determined correspondingly to a range of 
p cmd > P TH3 °f transmission power designated value 
Pcmd- Overlapped measurable ranges of detecting 
circuits 3a and 3b are determined according to a range 

of P TH3 < P CMD < P TH4- 

[0145] Control section 8 sets detection voltage feed- 
back ratios K 1 in K 2 not according to a detection voltage 
but according to transmission power designated value 
p cmd- Setting of detection voltage feedback ratios K 1 
and K2 by control section 8 corresponds to replacement 
of Vjh^ Vj^, VTH3 and V-n-^ with threshold voltages 

P TH1» P TH2» P TH3 and P TH4- 

[0146] Therefore, control section 8, in a range in 
which transmission power designated value Pcmd ls 
lower than P-pm, sets detection voltage feedback ratios 
rC| and K 2 to 0 and control voltage V c is set only based 
on open loop control based on reference voltage V R ep 
[0147] On the other hand, control circuit 8, in a range 
in which transmission power designated value P CMD is 
higher than Pjhv sets a resistance value of variable re- 
sistor 1 68 to the maximum value (oo, ideally) and chang- 
es over from open loop control based on reference volt- 
age V REF to dose loop control by negative-feedback of 
a destruction voltage. 

[0148] In a range corresponding to a region in the vi- 
cinity of changeover boundary region between open 
loop control and close loop control, in which transmis- 
sion power designated value P CMD is P-^ < p CMD < 
P TH2> a resistance value of variable resistor 1 64 is set 
so that feedback ratio K 1 gradually increase. In overlap- 
ping measurable ranges (P^ < P^d < P-^) between 
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a plurality of detecting circuits, similar to the third em- 
bodiment, outputs of a plurality of detection circuits are 
synthesized and negative-feedback is performed. More- 
over, a synthesis ratio gradually changes. 
[0149] In such a way, in transmission power control 
circuit 104b according to the first modification of the 
fourth embodiment, which is a detecting circuit corre- 
sponding to actual transmission power Pqut is deter- 
mined according to transmission power designated val- 
ue P C md- Wltn sucn an architecture adopted, while re- 
duction occurs in a precision in determination on which 
one of detecting circuits has a measurable range corre- 
sponding to actual transmission power Pour, no neces- 
sity arises for a circuit (feedback control circuit 162 
shown Fig. 1 9) performing determination based on de- 
struction voltages V DET1 and V DET2 > enabling simplifica- 
tion of a circuit architecture for implementing transmis- 
sion power control similar to the second embodiment. 
[0150] While in the fourth embodiment and the first 
modification thereof as well, the architectures are shown 
in which there are used variable resistors 1 64, 1 66 and 
168, resistance values all changing in an analog fash- 
ion, the variable resistors may be of types whose resist- 
ance values change gradually stepwise. 

(Second Example of the Fourth Embodiment) 

[0151] Referring to Fig. 23, a transmission power con- 
trol circuit 104c according to a second modification of 
the fourth embodiment is different from transmission 
power control circuit 104a according to the fourth em- 
bodiment in comparison in that a power control section 
1 60c is included as constituent instead of power control 
section 160a. Furthermore, control section 8 and D/A 
converter 9 are omitted and transmission power desig- 
nating value P CMD from transmission power designating 
section 7 is given directly to power control section 160c 
as a digital signal as is. 

[01 52] Power control section 1 60c has a first A/D con- 
verter 135a; a second A/D converter 135b; a control 
computing section 167; and a D/A converter 139. 
[01 53] First A/D converter 1 35a and second A/D con- 
verter 1 35b are provided corresponding to first detecting 
circuit 3a and second detecting circuit 3b, respectively, 
to convert detection voltages V DET1 and V DET2 t0 re " 
spective digital signals. 

[0154] Control arithmetic logic section 167 receives 
digital signals corresponding to detection voltages 
v deti and v det2 and transmission power designating 
value P C md as an digital signal unchanged performs a 
digital computing based on detection voltage feedback 
ratios K t and K 2 similarly to Figs. 22A and 22B. That is, 
in control computing section 167, there are performed 
a control operation similar to power control section 1 60b 
constructed as an analog circuit. A result of the opera- 
tion of control computing section 167 is converted to an 
analog signal by D/A converter 139 and transmitted as 
control voltage V c to variable gain amplifier 1 . 



[0155] With such an architecture adopted, in the sec- 
ond modification of the fourth embodiment, detection 
voltages V DET1 and V DET2 are converted to respective 
digital signals and close loop control is realized based 
5 on a digital computing, thereby enabling realization of 
transmission power control similar to the first modifica- 
tion of the fourth embodiment. 

[0156] Note that while in the fourth embodiment and 
the first and second modifications thereof, the architec- 

10 tures are described in which there are included as con- 
stituenttwo detecting circuits having respective different 
measurable ranges, three or more detecting circuits can 
also be used. In this case, a pair of a distributor and a 
variable resistor is required to be provided correspond- 

15 jng to each detection circuit. Similarly, while the example 
architecture is shown in which the minimum range of a 
transmission power is changed over to open loop con- 
trol, a section applied with an open loop can be set cor- 
responding to any power range. 

20 [01571 K should be understood that the embodiments 
disclosed this time are presented by way of illustration 
but not to be taken by way of limitation in all aspects. 
The scope of the present invention is shown not by the 
above descriptions but the appended claims, and all 

25 changes or modifications that falls within bounds of the 
claims or equivalence of the bounds are intended to be 
embraced by the claims. 

Industrial Applicability 

30 

[0158] A transmission power control circuit according 
to the present invention can be applied to a wireless 
communication apparatus such as a portable tele- 
phone. 

35 

Claims 

1 . A transmission power control circuit comprising: 

40 

a variable gain amplifier (1) for amplifying a 
transmission signal with a gain according to a 
control voltage (V c ) to output a transmitting 
wave; 

45 a distributing section (2) for taking out a part of 

said transmitting wave; 
a detecting section (3) for detecting an output 
of said distributing section to generate a detec- 
tion voltage (V DET ) corresponding to a trans- 

50 mission power (Pout) °f said transmitting 

wave; and 

a control section (120a, 120b, 120c, 140a, 
1 40b, 1 40c) for receiving an electrical signal in- 
dicating a designated level (P C md) of said 
55 transmission power and said detection voltage 

to set said control voltage, wherein 
said control section performs a changeover be- 
tween a first control state of setting said control 
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voltage by close loop control according to the 
detection voltage negative-fed back by multi- 
plied by a feedback ratio (K) and a reference 6 
voltage corresponding to said designated level, 
and a second control state of setting said con- 5 
trol voltage by open loop control according to 
said designated level, according to a relation- 
ship between a measurable power range of 
said detecting section and said transmission 7. 
power. 10 

2. The transmission power control circuit according to 
claim 1 , wherein 

said control section (1 20a, 1 40a) performs the 
changeover between said first and second control 15 8. 
states according to said detection voltage (V DET ). 

3. The transmission power control circuit according to 
claim 1 , wherein 

said control section (1 20a, 1 40a) performs the 20 
changeover between said first and second control 
states according to the designated level (P C md) °* 
said transmission power. 

4. The transmission power control circuit according to 25 
claim 1 , wherein 

said control section (120c, 140) includes: 



5. 



a first signal converting section (135) convert- 
ing said detection voltage (V DET ) to a first digital 
signal; 

a control computing section (137, 147) receiv- 
ing a second digital signal indicating the desig- 
nated level (P CMD ) of said transmission power 
and said first digital signal to perform a digital 
computing for setting said control voltage 
based on one of said first and second control 
state, which is selected according to compari- 
son between said first and second digital sig- 
nals; and 

a second signal converting section (139) con- 
verting an output of said control computing sec- 
tion to an analog signal to generate said control 
voltage (V c ). 

The transmission power control circuit according to 
claim 1 , wherein 

said control section (140a, 140b, 140c) in- 
cludes: 

a feedback ratio adjusting section (8, 142, 147) 
for gradually reducing said feedback ratio (K) 
from a prescribed level (Kq) as said transmis- 
sion power (Pout) comes closer to a non- 
measurable power range in a prescribed 
boundary range between the measurable pow- 
er range and said non-measurable power 
range of said detection section in said first con- 
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trol state. 

The transmission power control circuit according to 
claim 5, wherein 

said feedback ratio adjusting section (142) 
changes said feedback ratio (K) according to said 
detection voltage (V DET ). 

The transmission power control circuit according to 
claim 5, wherein 

said feedback ratio adjusting section (8) 
changes said feedback ratio (K) according to the 
designated level (P C md) of said transmission power. 

The transmission power control circuit according to 
claim 5, wherein 

said control section (140c) further includes: 

a first signal converting section (135) convert- 
ing said detection voltage ( V DET ) to a first digital 
signal; and 

a second signal converting section (139) con- 
verting an output of said feedback ratio adjust- 
ing section (147) to an analog signal to. gener- 
ate said control voltage (V c ), and 
said feedback ratio adjusting section (147) re- 
ceives a second digital signal indicating the 
designated level (P C md) °* sa 'd transmission 
power and said first digital signal to perform a 
digital computing for setting said control volt- 
age based on said feedback ratio (K) set ac- 
cording to the second digital signal. 



9. A transmission power control circuit comprising: 

a variable gain amplifier (1) for amplifying a 
transmission signal with a gain according to a 
control voltage (V c ) to output a transmitting 
wave; 

a plurality of distributing sections (2a to 2c) for 
taking out a part of said transmitting wave; 
a plurality of detecting sections (3a to 3c) pro- 
vided corresponding to said respective plurality 
of distributing sections, respectively, and hav- 
ing different measurable power ranges, 
said plurality of detecting sections detecting 
outputs of the corresponding distributing sec- 
tions to generate a plurality of detection voltag- 
es (V DET1 to V DET3 ) according to a transmission 
power (P 0 ut) °f said transmitting wave; and 
a control section (150a, 150b, 150c, 160a, 
1 60b, 1 60c) for receiving an electrical signal in- 
dicating a designated level (P CMD ) of said 
transmission power and said plurality of detec- 
tion voltages to set said control voltage, where- 
in 

said control section includes a feedback ratio 
control section (8, 152, 157, 162, 167) setting 
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a plurality of feedback ratios (K-j to K 3 ) corre- 
sponding to said plurality of detection voltages, 
respectively, according to a relationship be- 
tween the measurable power ranges of said 
plurality of detecting sections and said trans- 
mission power, and 

said control section sets said control voltage 
according to close loop control based on the 
plurality of detection voltages negative-fed 
back multiplying said plurality of feedback ra- 
tios, respectively, and a reference voltage 
(V REF ) corresponding to the designated level of 
said transmission power. 

1 0. The transmission power control circuit according to 
claim 9, wherein 

the measurable power ranges of at least a 
part of said plurality of detecting sections (3a to 3c) 
share an overlapped range with each other, 

said feedback ratio control section (8, 152, 
157, 162, 167), when the transmission power of 
said transmitting wave corresponds to said over- 
lapped range, sets said plurality of feedback ratios 
(K 1 to K 3 ) so that the detecting voltages from the 
detecting circuits sharing said overlapped range are 
synthesized and negative-fed back. 

1 1 . The transmission power control circuit according to 
claim 1 0, wherein 

said feedback ratio control section (8, 152, 
157, 162, 167), when the transmission power of 
said transmitting wave corresponds to said over- 
lapped range, sets said plurality of feedback ratios 
(K 1 to K 3 ) so that a synthesis ratio between the plu- 
rality of detecting voltages to be synthesized grad- 
ually change according to said transmission power. 

12. The transmission power control circuit according to 
claim 9, wherein 

said feedback ratio adjusting section (152, 
1 62) sets said plurality of feedback ratios (K 1 to K 3 ) 
according to said plurality of detection voltages 

(Vdeti to V DE T3)- 

13. The transmission power control circuit according to 
claim 9, wherein 

said feedback ratio adjusting section (8) sets 
said plurality of feedback ratios (K n to K 3 ) according 
to the designated level (P C md) of said transmission 
power. 

14. The transmission power control circuit according to 
claim 9, wherein 

said control section (150c) further includes: 

a first signal converting section (135a to 135c) 
for converting said plurality of detection voltag- 
es (V DET1 to V DEX3 ) to a plurality of first digital 



signals; and 

a second signal converting section (139) con- 
verting an output of said feedback ratio adjust- 
ing section (157, 167) to an analog signal to 

5 generate said control voltage (V c ), and 

said feedback ratio adjusting section (1 57, 1 67) 
receives a second digital signal indicating the 
designated level (P C md) of said transmission 
power and said plurality of first digital signals to 

10 perform a digital computing for setting said con- 

trol voltage based on said plurality of feedback 
ratios (K 1 to K 3 ) set according to said plurality 
of second digital signals. 

15 1 5. The transmission power control circuit according to 
claim 9, wherein 

said control section (1 60a, 1 60b, 1 60c), when 
said transmission power does not belong to any of 
the measurable power ranges of said plurality of 

20 detecting sections, ceases said close loop control 
and sets said control voltage (V c ) based on open 
loop control corresponding to the designated level 
(P CMD ) of said transmission power. 

25 1 6. The transmission power control circuit according to 

claim 15, wherein 

said control section (160a) performs a 

changeover between said close loop control and 

said open loop control and setting of the plurality of 
30 feedback ratios (K n to K 3 ) in said close loop control 

according to said plurality of detection voltages 

(Vdeti to V DET3 ). 

17. The transmission power control circuit according to 
35 claim 15, wherein 

said control section (160b) performs a 
changeover between said close loop control and 
said open loop control and setting of the plurality of 
feedback ratios (K 1 to K 3 ) in said close loop control, 
40 according to the designated level (P C md) of sald 
transmission power. 

1 8. The transmission power control circuit according to 
claim 15, wherein 

45 said control section (1 60c) further includes: 

a first signal converting section (135a to 135c) 
converting said plurality of detection voltages 
( v deti to v det3) to a plurality of first digital sig- 

50 nals, respectively; and 

a second signal converting section (139) con- 
verting an output of said feedback ratio adjust- 
ing section (167) to an analog signal to gener- 
ate said control voltage (V c ), and 

55 said feedback ratio adjusting section (1 67) re- 

ceives a second digital signal indicating the 
designated level (Pcmd) of sa ' d transmission 
power and said plurality of first digital signals to 



16 



31 



EP 1 309 094 A1 



perform a digital computing for setting said con- 
trol voltage using said plurality of feedback ra- 
tios (K 1 to K 3 ) set according to said plurality of 
second digital signals, based on one of said' 
open loop control and said close loop control, s 
which is selected according to comparison be- 
tween said first and second digital signals. 
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